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The Mississippi River Alluvial Aquifer extends from Southern Illinois to the mouth of 
the Mississippi and is comprised of fluvial sands and gravels of Late Pleistocene age. Several 
areas of the aquifer in Arkansas, Mississippi, and Louisiana are affected by elevated levels of 
salinity.  One such area occurs in Iberville Parish, LA, where the aquifer is 150-240 m in 
thickness and is capped by 23-38 m of clay.  Recharge of the aquifer from the Mississippi River 
on the east is fresh, but salinity is high in the western portions of the aquifer and chloride levels 
are as high as 1,000 mg/L. The aquifer is an important source of water for several municipalities 
and industries, but prior to this study the source(s) of the elevated salinity levels or whether the 
high salinity can be remediated had not been determin d.  Possible sources of elevated salinity 
included remnant marine water from the last major transgression, recent encroachment of marine 
water, dissolution of one or more of the five salt domes in the area, and anthropogenic 
contamination.    
 The source of salinity has been determined through mapping of spatial variations in 
salinity from well logs and from chemical analysis of well waters.  The westward salinization of 
aquifer water represents a broad regional process of mixing with deeper saline waters and 
dissolution of salt domes, not contamination by anthropogenic point sources. The hydrogen and 
oxygen isotopic systematics of the aquifer waters indicate meteoric sources, not marine. The low 
Br/Cl and high Na/Cl ratios are consistent with a saline endmember produced by subsurface 
dissolution of salt domes, not a marine source.  While deeper salt domes hosted in Miocene 
sands could also contribute to the elevated salinity within the alluvial aquifer, dissolution of the 
shallow Bayou Choctaw salt dome does occur within te flow path of the alluvial aquifer without 
any upward migration of deep brine.   
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Introduction  
 Salinization is a process impacting groundwater quality across much of southern 
Louisiana (e.g., Tomaszewski, 1996; Lovelace, 1999).  However, there has been a broad 
divergence of opinion regarding the source or sources of salinity.  Nyman and Fayard (1978) 
proposed that brackish groundwaters in southeastern Louisiana are the result of updip migrating 
marine waters.   In contrast, Stoessell and Prochaska (2006) concluded that brackish 
groundwaters in Miocene to Pleistocene aquifers represent formation fluids which have 
dissolved deep salt diapirs and have migrated up falt planes.   Milner and Van Biersel (2006) 
identified two possible sources of saltwater in the Chicot aquifer system in southwestern 
Louisiana: the movement of salt water from dissoluti n of salt domes and the intrusion of 
seawater from the Gulf of Mexico.   
     The physical interplay between shallow topographically-driven meteoric groundwater 
flow and deeper, density-driven saltwater flow in southern Louisiana is complex (Bray and 
Hanor, 1990; Hanor and Sassen, 1990), and many details are not yet completely understood. The 
purpose of the research reported on here was to gain an understanding of the sources and controls 
on groundwater salinity in the Mississippi River Alluvial Aquifer (MRAA) in Iberville Parish, 
south central Louisiana, as part of the larger problem of regional groundwater salinization .  The 
MRAA has been an important source of water for municipalities and industries in Iberville 
Parish.  The aquifer is recharged by the Mississippi River on the east, and groundwater 
discharges into the Atchafalaya River basin in the west.  Whiteman (1972) described the 
presence of a pronounced salt water wedge within the western discharge zone of the aquifer 
which impacts water quality (Fig. 1).  Whiteman proosed that dissolution of salt domes was not 
a major factor in the distribution of freshwater, and that saltwater is being flushed out of the 
system by the Mississippi River.   Possible sources of salinity in the Iberville Parish area include 
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Figure 1:  a) Map showing extent of Mississippi River Alluvium (Modified from USDA 2009), b) Basemap of Field 
Area with C-C’ cross section line, c) C-C’ cross section indicating extent of fresh and saline water in the Mississippi River 






recent encroachment of seawater from the Gulf of Mexico, past intrusion of seawater from the 
last major transgression, anthropogenic contaminatio  from produced oil-field waters and wastes 
or saline wastes from industrial operations located long the Mississippi River, and the 
subsurface dissolution of salt domes.  A second goal of this research was to determine if the 
discharge of saline waters from the aquifer has an impact on the quality of surface water in the 
eastern part of the Atchafalaya basin. 
The Mississippi River Alluvial Aquifer (MRAA) in Iberville and West Baton Rouge 
parishes was originally called the Plaquemine Aquifer by Whiteman (1972), but this designation 
in no longer used by the USGS.  The name MRAA will be used here instead.  The terms 

















      The Mississippi River Alluvial Aquifer in Iberville Parish, Louisiana consists of a 
sequence of unconsolidated Pleistocene and Holocene sands, silts, and gravels 90 to 270 m thick 
which extends westward from the eastern wall of the Mississippi River alluvial valley south of 
Baton Rouge (Whiteman, 1972) (Fig. 1). The Mississippi River makes the transition from a 
gaining stream to a losing stream in Iberville Parish, and the MRAA is recharged by the 
Mississippi River on the east.  The MRAA is a confined aquifer with high hydraulic gradient, 
high permeability, and high flow rate.  The hydraulic gradient within the aquifer at any given 
time is largely a function of Mississippi River stage, which typically ranges from 2 m to 10 m 
MSL over the course of a year.  The elevation of the stage of surface water in the discharge area 
is typically 3.1 m.  These differences in elevation create an average hydraulic gradient of 
approximately 0.002 for the aquifer. Groundwater flow is westerly away from the Mississippi.  
The MRAA is mainly comprised of sands and gravels, and the average permeability is 10-12 m2 
or 1 Darcy (Whiteman, 1972).  The EPA estimated that t e aquifer had an average flow rate of 
0.3m/day in a contaminant modeling study (Ellinger, 2004).   Freshwater bearing sands in the 
aquifer are limited to the upper 150m (500ft) (Whiteman, 1972).   
      The MRAA overlies a 4 km thick sequence of fluvial-deltaic sandy sediments and 
marine transgressive mudstones of Oligocene to Pleistocene age which thicken and dip gulfward 
(Weiss 1992).  Five salt domes pierce the Cenozoic sediments underlying Iberville Parish, 
including Bayou Des Glaises, Bayou Bleu, Bayou Choctaw, White Castle, and St. Gabriel.  All 
domes with the exception of St. Gabriel salt dome are on the western side of the Mississippi 




Figure 2:  Locations of Salt Domes.  Depth to top of salt in meters indicated below name (NOGS, 1960).







Methods and Sources of Data 
 
Introduction  
The two principal techniques used in this study to identify sources of salinity in the 
MMRA were establishing spatial variations in salinity and analyzing groundwater samples for 
chemical properties which could be used to distinguish between marine, meteoric, and salt dome-
derived sources.   
Shallow Groundwater and Surface Water Analyses 
 Five hundred and fifteen chemical analyses of samples from shallow water wells in 
Iberville and West Baton Rouge parishes were obtained from the United States Geological 
Society (USGS) Louisiana Science Center in Baton Rouge (Wendy Lovelace, pers. comm.).  
This dataset will be referred to as the USGS shallow groundwater data set. The USGS dataset for 
the region had a good spatial coverage and was generally complete, but it lacked Br analyses and 
δ
2H- δ18O isotope analyses, which were necessary for this project.  It was therefore necessary to 
do original fieldwork, sampling, and analysis to generate these geochemical parameters. 
      Thirteen groundwater well samples and nine surface water samples were collected as part 
of this study in Iberville and West Baton Rouge parishes.  The groundwater wells included 
public, domestic, irrigation, oil rig supply, and monitor wells and spanned screened depths of 43-
101 m (140- 333 ft) below land surface.  Surface waters were sampled along the Mississippi 
River, Grand River, and the Borrow River, a surface trench east of the Atchafalaya eastern guide 
levee.   
An Accumet probe was used to measure pH and temperatur  during collection, and a YSI 
probe was used to measure dissolved oxygen, conductivity, specific conductivity, and salinity in 
the field.   An unfiltered 20 mL sample was collected in a scintillation vial for δ2H- δ18O 
analysis, and hand pump-filtered 15 mL, 30 mL, 60 mL samples were taken in the field for anion 
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analyses, cation analyses, and a laboratory alkalinity t tration, respectively.  An alkalinity 
titration was performed in the laboratory on all of the samples within five hours of sampling by 
titrating 25 mL of sample with 0.1 normal H2SO4 to a pH of 4.5.  Cation samples were stabilized 
using approximately 15 drops of HNO3.  The samples were kept under refrigeration.  Cation and 
anion analyses were performed within one month of sampling on a Dionex 3000 ion 
chromatograph using an AS18 column for anions and a CS10 column for cations.  The cation 
and anion analyses included Li, NH4, Mg, K, Ca, F, Cl, NO2, NO3, SO4, Br, and PO4. Dilutions 
of the Dionex standards were created to ensure acceptabl  detection limits for all cations and 
anions.  Detection limits ranged from 0.01 to 0.2 mg/L (Appendix A).  Unfiltered samples in 20 
mL scintillation vials were sent to Dr. Chris Eastoe at the University of Arizona within two 
months of sampling for δ2H- δ18O analysis. The δ2H and δ18O analyses had a standard deviation 
of 0.9 o/oo and 0.08 
o/oo respectively (Eastoe, personal communication, 2009).   
Produced Water Analyses 
Analyses of water coproduced with crude oil and natural gas provided information on 
potential sources of salinity within the MRAA.  Three sources of data for south Louisiana were 
utilized: Collins (1970) for Miocene-hosted formation waters; a USGS STORET data set 
obtained from the USGS by Hanor in 1979 (USGS, 1979); and an on-line USGS data set of 
produced water analyses (USGS, 2008).   
Mississippi River Analyses  
 Because the Mississippi River is the primary recharge source for the Mississippi River 
Alluvial Aquifer, the chemical composition and discharge of the Mississippi River becomes very 
important for geochemical studies within the aquifer.  Complete Mississippi River Analyses 
from the USGS for four separate water years (1980, 1987, 1997, and 2007) were obtained.  Any 
mention of this dataset will be referred to as the USGS Mississippi River dataset.  Bromide was 
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not included in the Mississippi River database.  However, Rathbun (1995) reported Mississippi 
River bromide values, and this was used in this study along with the chloride values from the 
Mississippi River database to calculate typical Br/Cl atios for Mississippi River waters.   
Salinities Calculated from Borehole Logs 
 Many borehole logs exist in the study area as a result of hydrocarbon exploration and 
production, and conventional spontaneous potential (SP) and resistivity logs were used to 
estimate salinity.  TDS was derived from both resistivity and spontaneous potential logs.  The 
resistivity logs were used to derive salinity in fresh to brackish groundwaters, from 
approximately 90 to 610 m in depth below surface, and the SP logs were used to derive salinities 
in saline waters from 150 to 3000 m, where there was a pronounced contrast in SP response.  
Salinity was estimated from eight SP logs used a Visual Basic Application (VBA) code 
created by Hanor (Hanor, pers. comm. 2009) to derive salinity using the Bateman and Konen 
(1977) algorithm.  These salinity estimates were made in roughly 150 m (500 ft) depth 
increments to a depth of 3.4 km (10,000 ft) for a tot l of 114 measurements on 8 SP logs.    
Resistivity-derived salinities were obtained from 25 logs in roughly 30 m (100 ft) depth 
increments from the surface to a depth of 680 m (2000 ft).  A formation factor, F, for the aquifer 
was calculated using the Archie method with Humble constants, a and m, for a clean sand 
(Archie, 1942) as follows: F = a/φm , where a = 0.62, m = 2.15, and an assumed porosity, φ=0.4.  
Water resistivity, Rw, was derived from the bulk sediment resistivity, Ro, as read from the 
resistivity log, and the formation factor, F, from the relation, Rw = Ro/F. Groundwater 
conductivity (Cw) was derived as the reciprocal of the water resistivity, and TDS was derived 
from conductivity using the following formula derived in this study from reported electrical 
conductivity and TDS values in the USGS data set for shallow groundwaters in the MRAA in 
Iberville and West Baton Rouge parishes: TDS = 0.5778(Cw) + 7.1069. 
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Results 
Chemical Indicators of Source of Salinity  
The focus of this part of the study is on Br-Cl and Na-Cl systematics and on the isotopic 
composition of the ground waters and surface waters. The other geochemical data will be used in 
a subsequent study of the geochemical evolution of groundwater in the aquifer 
Geochemical indicators of sources of salinity include molar Br/Cl and Na/Cl ratios, and 
the meteoric vs. oceanic origin of water can be indicated through δ2H- δ18O systematics.  A value 
or range of values for salt and seawater sources of salinity must be known for these techniques to 
be effective.  The chemical composition of seawater is well documented, while the compositions 
of basinal brines are more variable.  The chemical compositions of recharge and discharge 
waters and an understanding of the physical hydrogeol y of the aquifer are also critical 
components for the derivation of sources of salinity.   
Br/Cl Systematics  
Because of the exclusion of bromide from the halite la tice during precipitation,  halite is 
significantly less enriched in bromide in relation t  seawater (Davis et al. 1998).  This property 
makes Br/Cl ratios very useful in determining a source of salinity.  Molal Br/Cl ratios in 
seawater are approximately 0.0011 (Drever 1997) while Br/Cl ratios from waters that dissolved 
salt are generally an order of magnitude less to half of those derived from seawater (Davis et al., 
1998).  Collins (1970) established a range of compositions for salt derived brines in produced 
waters from Lafayette and Acadia Parishes, and I have used one standard deviation from the 
average of those compositions to derive a range of values for salt-derived salinities (Fig. 3).  
Br/Cl ratios for precipitation vary with distance from the coast and average around 0.008 for 
Iberville Parish (Davis et al., 1998).  
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Figure 3: Br-Cl systematics of the MRAA.  A regression line has been plotted through the groundwater values and the line 
trends toward a salt dissolution Br/Cl ratio.  For c mparison, a seawater – recharge water mixing line has also been plotted to indicate 
what mixing with seawater would look like on the graph  
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The histogram in Figure 4 represents the frequency of occurrence of different ranges of 
Br/Cl ratios in the 1979 Storet USGS produced waters dataset from several South-Central 
Louisiana parishes, including Acadia, Baton Rouge, Ib ria, Lafayette, St. Landry, St. Martin, and 
St. Mary Parishes (Hanor, pers. comm.).  Figure 4 also shows the data collected from the shallow 
Plaquemine Aquifer as part of this study and the Collins (1970) dataset.   It has been 
hypothesized that Br/Cl ratios lower than that of the Collins dataset could be a result of 
dissolution of recrystallized halite which further excludes Br from the halite lattice (Stoessell and 
Prochaska, 2005).   
Plots of Br/Cl versus 1/Cl and Br vs Cl are given for halite-derived brines, seawater, and 
waters analyzed in this study (Fig. 3).  Because the composition of the Mississippi River is 
variable with river stage which varies by season, I i cluded three Br/Cl ratios relating to fall, 
summer, and spring in a water year.  Rathbun (1995) calculated bromide values for the 
Mississippi River as a function of distance from Head of Passes and of seasonality, and I used 
these values in conjunction with an average value for chloride from the USGS Mississippi River 
dataset to produce Br/Cl ratios for the Mississippi River for three seasons.  
Na/Cl Systematics  
 Dissolution of halite (NaCl) would yield a brine having a molal Na/Cl ratio of 1, while 
average seawater has a ratio of approximately 0.86 (Drever, 1997).  Plots of Na/Cl versus 1/Cl 
and Na vs Cl are given for halite-derived brines, sawater, and waters analyzed in this study (Fig. 
5).  The Na/Cl molal ratio is higher than 3 in some of these groundwater samples.  A cross plot 
of Na and HCO3 has been included as part of Figure 5 to explain the non-conservative nature of 
sodium with respect to chloride.
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Figure 5:  Cross plots of Na/Cl vs 1/Cl (a) and HCO3 vs Na.  Sodium is not behaving conservatively with respect to chloride, possibly 
due to mixing with NaHCO3 dominated waters.  The origin of the NaHCO3 waters could be due to dissolution of minerals, specifically 




2H- δ18O Relations 
 Figure 6 shows the analyses from the Mississippi River as well as the groundwater 
analyses were plotted against the meteoric water lin  (Craig, 1961).   Gonthier and Aharon 
(1990) established that surface waters and precipitation in the Baton Rouge area have a strong 
correlation to the meteoric water line.  The δ2H- δ18O value for Vienna Standard Marine Ocean 
Water (VSMOW) has been plotted to show a marine endmember.  Gonthier and Aharon (1990) 
also reported the isotopic composition of several poduced water samples from the Baton Rouge 
area, and these results are shown on Figure 6. 
Spatial Variations in Chloride and Salinity within the MRAA 
 Two contour maps have been created comparing the chloride variations between the 
USGS groundwater dataset and the chloride concentrations obtained in this study (Appendix B).  
Both datasets show a progressive increase in chloride to the west away from the Mississippi 
River.  The USGS groundwater data document a chloride increase east from the river as well.  
Two contour maps were also created comparing TDS between the two datasets (Appendix B).  
Values for TDS were not as commonly reported in the USGS groundwater dataset as chloride.  
Both datasets document a gradual increase in TDS west of the river, though it is much more 
striking in the data from this study.  
Spatial Variations in Salinity from Borehole Logs 
Three contour maps were created depicting spatial variations in salinity at 150 m 
intervals.  The 150 m graph is shown in Figure 7, and the 300 m and 450 m graphs are in 
Appendix B.  The 150 m graph is within the depth interval of fresh water in the Plaquemine 
Aquifer.  Salinity increases to the west and east of the Mississippi River from under 1,000 mg/L 
near the river to over 8,000 mg/L.  A trough of fresh r water exists underneath the Mississippi 
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Figure 6:  δ2H- δ18O Relations.  The isotopic values of the groundwater nd Mississippi River water fractionate along the M teoric 
Water Line.   
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Figure 7:  Contour map of resistivity derived salinity at a depth of 150 m (500 ft).   
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River. Salinity also increases to the east, toward the St. Gabriel Salt dome, a known location of 
salt dome dissolution (Bray and Hanor 1990). 
An east-west trending cross section (A-A’) has been cr ated using the resistivity derived 
salinities as well as some of the calculated salinities from groundwater analyses (Fig. 8.)  This 
cross section shows the gradual increase in salinity to the west to a depth of 300 m (1000 ft).   
 The general pattern with depth indicates a gradual increase in salinity from 1,000 to 
10,000 mg/L at 300 m.  Salinities are less than 500 mg/L down to a depth of 180 m below 
ground surface.  There is then an increase in salinity from approximately 500 mg/L to over 8,000 
mg/L from 180 m to 460 m. In some of the logs there is a salinity reversal around 460 m.  
However, this reversal is not observed in the composite graph of all of the log derived salinities, 
which shows TDS estimates from both the resistivity and SP derived salinities.  Individual 
salinity vs. depth plots from resistivity and the SP derived salinities, as well as a composite graph 
of all of the log derived salinities are shown in Appendix C.   
 Figure 9 illustrates the spatial variations in the SP derived salinities at a depth of 910 m, 
which is also the regional depth of freshwater in the Baton Rouge area north of the Baton Rouge 
fault (Wendeborn and Hanor 2008).  Maps illustrating salinity variations at 600 m, 1500 m and 
2400 m are shown in the Appendix B.  Well control for the 600 m map was limited, but a 
localized high exists near the White Castle salt dome.  Salinity increases from 100,000 mg/L to 
nearly 200,000 mg/L from the northwest to southeast corners of the map.  The 2400 m map 
shows similar spatial variations.  Salinities from SP logs range from 90,000 mg/L to over 
200,000 mg/L at depths greater than 900 m.  It was not possible to obtain SP-derived salinities at 
depths greater than 3000m due to lack of suitably thick sands in the overpressured shale zone 




Figure 8:  East-west trending salinity cross section A-A’.  The basemap at the top of the page (a) show  the locations of the A-A’ line 






Figure 9:  Contour map of spontaneous potential (sp) derived salinities at a depth of 910 m (3000 ft). This depth correlates roughly 




The purpose of the research described here was to identify the source(s) of salinity in the 
Mississippi River Alluvial Aquifer of Iberville Parish.  Potential sources included: mixing with 
remnant marine water introduced during rapid sea-level rise following the last Pleistocene glacial 
maximum, recent intrusion of marine waters from the Gulf of Mexico, anthropogenic 
contamination, and the dissolution of salt domes.   
Marine Sources of Salinity  
     The chemical and isotopic compositions of groundwater in the MRAA of Iberville 
Parish, as established by this study, rule out marine sources for the elevated salinity. The range 
of Br/Cl ratios for the Plaquemine aquifer is inconsistent with a marine source of salinity.  Br/Cl 
molar ratios in seawater are typically 0.0011 (Dreve , 1997), and the ratios in the MRAA waters 
are significantly less and range from 0.0002 to 0.00 5 (Figs. 3 and 4). Bromide is excluded from 
the halite lattice during initial precipitation from seawater.  After dissolution and the 
recrystallization of halite, bromide is further excluded from the halite lattice, resulting in a saline 
brine that is even further depleted in bromide relative to seawater (Davis, 1998). Figure 3 shows 
the comparison of the Br/Cl ratios in the MRAA waters to that in seawater and in Miocene 
formation fluids.  The Br/Cl ratios of the MRAA waters fall within or below one standard 
deviation of the Collins (1970) dataset for produced waters in Acadia and Lafayette Parishes.  
The Br/Cl ratios established in this study are thus inconsistent with a marine source of salinity.    
Seawater has a molal Na/Cl ratio of 0.86 (Drever, 1997), but the MRAA waters have 
Na/Cl ratios that range from 0.9 to 3.6, with an aver ge of 1.6 (Fig. 5). Sodium is behaving non-
conservatively with respect to chloride.  This is most likely due to a combination of factors, such 
as the mixing of recharge waters with some sodium bicar onate waters produced through the 
bacterial respiration of CO2 which forms carbonic acid, and the subsequent dissolution of Na-
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silicates.  The δ2H- δ18O isotopic compositions of the ground waters in the MRAA, even the 
most saline, plot on the meteoric water line (Fig. 6), which indicates a meteoric, not a marine 
origin or even a partial marine origin for the H2O.   
Anthropogenic Sources of Salinity  
Anthropogenic contamination of the Mississippi River Alluvial Aquifer of Iberville 
Parish, either from hazardous waste disposal sites, industry, or produced waters from oil and gas 
production, is a possible non-marine source of salinity.  While the chemical indicators of source 
of salinity could be consistent with anthropogenic contamination, the spatial variations in salinity 
are inconsistent with this possibility.  Assuming that anthropogenic contamination would occur 
in a few localized points, elevated salinities would occur primarily in those small areas.  Instead 
of small point sources in salinity, we observe a grdual increase in salinity within the shallow 
alluvial aquifer from east to west.  In addition to a lack of localized spatial variation, temporal 
data indicates that the salinity levels in the western portion of the aquifer have remained constant 
over a significant period of time. The salinities and chloride concentrations found in this study 
are consistent with those reported in the survey by Whiteman (1972) and in the USGS (2008) 
groundwater dataset which contains data that has been collected from 1929 to 1993.  This 
evidence suggests that anthropogenic contamination is a  unlikely source of salinity.  
Salt Dome Dissolution as a Source of Salinity 
The chemical indicators of source of salinity are all consistent with salt dome dissolution 
as a sole source of salinity.  There are five salt domes present in the area at varying depths in the 
subsurface.  These include Bayou Bleu, Bayou Choctaw, B you Des Glaises, St. Gabriel and 
White Castle salt domes (NOGS, 1960) (Fig. 2).  TheSt. Gabriel salt dome on the eastern side of 
the Mississippi River has already been established as an actively dissolving salt structure (Bray 
and Hanor, 1990) 
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Dissolution of the Bayou Choctaw salt dome is the most likely source of elevated salinity 
in the MRAA.  It is the shallowest of all of the Iberville Parish salt domes and is also part of the 
strategic petroleum reserve.  The Bayou Choctaw salt dome is also within the flow path of the 
alluvial aquifer.  Both the 150 m map in Figure 7 and the east-west trending A-A’ cross section 
in Figure 8 indicate a plume of high salinity waters coming off of the Bayou Choctaw salt dome.  
While the depth to salt of this dome is 192 m (629 ft), the depth to caprock is 72 m (237 ft) (Fig. 
10).  Salt dome caprock is generally attributed to issolution of halite due to circulating fluids 
that are undersaturated with respect to halite (Paulson 1977), and the subsequent dissolution of 
calcium-sulfate minerals and hydrocarbons within the diaper, resulting in the formation of 
calcium carbonate caprock and hydrogen sulfide gas or sulfide minerals.   
 The other three salt domes on the western side of the Mississippi River all have a depth to 
salt of around 910 m (3000 ft).  These are the Bayou Des Glaises, Bayou Bleu and White Castle 
salt domes.  Spatial variations in salinity have shown elevated levels around two of these salt 
domes: Bayou Bleu and White Castle salt domes, which also contain caprock.  While the 0.6 km 
(2000ft) map has very few control points, it indicates a marked spatial high in relation to the 
White Castle Salt Dome (Figure in Appendix B).  The more complete 1 km (3000ft) map (Fig. 9) 
indicates increases in salinity toward the Bayou Bleu and White Castle domes with an additional 
localized high near the shallow Bayou Choctaw dome.   
Comparison with Previous Studies 
 Gonthier and Aharon (1990) made several observations about groundwater in the Baton 
Rouge area based on δ2H- δ18O isotopic compositions that are applicable to thisstudy.  First, it is 
important to note that although the Baton Rouge area is geographically close to the study area in 
this thesis, the groundwater system is very different.  While the Plaquemine Aquifer ranges in 





Figure 10:  Three dimensional image of the Bayou Choctaw salt dome.  The depth to top of 









 (3000ft) (Rollo, 1969).  While MRAA waters have a strong isotopic correlation with the 
Mississippi River (Fig. 6), groundwaters in the Baton Rouge area correlate with precipitation and 
stream baseflow and do not indicate recharge from the Mississippi River.  Brines that underlie 
the Baton Rouge aquifer have isotopic signatures that are consistent with a seawater origin that 
have increased values of δ18O through water-rock interactions (Fig. 6).   
 Stoessell and Prochaska (2005) used elemental chemistry and strontium isotopes to 
determine the origin and possible age of saline waters in several South Louisiana Neogene and 
Quaternary Aquifers.  Their study areas included the Baton Rouge aquifer, the Big Branch 
Pliocene aquifer in Southeastern Louisiana, and parts of the Chicot aquifer in Southwestern 
Louisiana.  In all three areas they observed brackish waters with high Br/Cl ratios and low Na/Cl 
ratios that indicate a salt source of salinity.  They proposed vertical migration of deep brines as 
the primary mechanism that introduced the elevated salinity into the Baton Rouge freshwater 
aquifer, but Hanor and Wendeborn (2008) proposed a different mechanism.  They have 
suggested that the salinity, while salt derived, is more likely introduced to the system by lateral 
migration across the east-west trending Baton Rouge fault than by vertical migration up radial 
faults.   
 Bray and Hanor (1990) investigated salinity and other pore fluid properties on a broad 
scale in South Louisiana including parts of the study area investigated in this thesis.  They 
utilized many of the same techniques used to derive salinity from Spontaneous Potential logs and 
to visualize data as used in this thesis, such as te manufacturing of contour maps of salinity at 
various depths.  Their studies of spatial variations in salinity are consistent with observations of a
plume of elevated salinity above St. Gabriel Salt Dome and an increase in salinity at 900 m 




The spatial variations in salinity and the chemical analyses from the Mississippi River 
Alluvial Aquifer of Iberville Parish are consistent with a salt dome dissolution source of salinity, 
specifically the subsurface dissolution of the Bayou Choctaw dome . Spatial variations in salinity 
and chloride within the shallow aquifer indicate a gr dual increase in salinity toward the west, 
and the lack of a local point source or sources would be inconsistent with anthropogenic 
contamination.  Spatial variations within the deeper brines at several levels indicate spatial highs 
in the vicinity of the known salt domes.  High Na/Cl and low Br/Cl ratios are consistent with salt 
dissolution as the source of salinity, not marine sources.  These ratios are also consistent with 
Gulf Coast Miocene formation waters, which have been id ntified in prior works as having 
salinities reflecting salt dissolution (Collins, 1970).  Upwelling ofMiocene-hosted brines is 
possibly occurring in the study area (Evans et. al., 1991, Stoessell and Prochaska, 2005), 
although the mechanisms and pathways of brine migration re not immediately evident. .  
Dissolution of the shallow Bayou Choctaw salt dome would impact water quality without any 
upwelling of deep Miocene brine.  δ2H- δ18O values fall along the meteoric water line, indicating 
a meteoric source mixing with waters of meteoric orgin.  Future work on this aquifer system 
should include the study of the potential effect on water quality of the discharge of saline 
groundwater into the surface waters of the Atchafalay  basin and a study of the geochemical 
evolution of groundwaters within this portion of the MRAA.  This is a dynamic and interesting 
portion of the Mississippi River Alluvial Aquifer, and the quality and quantity of the water 
throughout this aquifer system affect inhabits of riverside communities from Southern Missouri 
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Sampling 


















W1 Comeaux Irrigation IB-COM Iberville Gross Tete 185 56.39         
W2 Stiles Domestic IB-5327Z Iberville 
White 
Castle 160 48.77     154 160 
W3 City of Plaq #1 CP Iberville Plaquemine 250 76.20         
W4 City of Plaq #2 CP Iberville Plaquemine 251 76.50         
W5 City of Plaq #3 CP Iberville Plaquemine 251 76.50         
W6 WBR WW #1 WWW WBR Addis 188 57.30     140 188 
W7 WBR WW #2 WWW WBR Addis 190 57.91     142 190 
W8 Red Willow Rig Supply RWOR Iberville Ramah 160 48.77         
W9 
IB Water Works 
Jumonville IBW-K Iberville Plaquemine 333 101.50     287 333 
W10 Hebert Irrigation HI Iberville 
White 
Castle 182 55.47     172 182 
W11 Kleinpeter Domestic KH Iberville Pigeon 200 60.96     190 200 
W12 Mystery Rig Supply RS-1   
Bayou 
Sorrel             
W13 Murray Law Monitor ML Iberville 
Bayou 
Sorrel 157 47.85     137 157 
MR1 Mississippi River @ Ferry MR Iberville Plaquemine     430,000 19.74     
MR2 Mississippi River @ Ferry MR Iberville Plaquemine     787,000 30.39     
MR3 Mississippi River @ Locks MR@BP Iberville Plaquemine     1050000 41.00     
BR1 Borrow River North GRR Iberville Ramah             
BR2 Borrow River South GRU Iberville 
Bayou 
Sorrel             
BR3 Borrow River North GRU Iberville 
Bayou 
Sorrel             
BR4 Borrow River South GRR Iberville Ramah             
GR1 Grand River @ Parks GR@75 Iberville 
Bayou 
Sorrel     1500 6.48     
GR2 
Grand River @ Bayou 
Sorrell Launch GR@BS Iberville 
Bayou 







































W1 -91.42 30.39 3/4/2009 27.00 2.40 1077.00 1195.00 0.60 19.90 7.26 
W2 -91.17 30.18 3/4/2009 39.40 3.66 299.00 352.20 0.20 17.10 7.86 
W3 -91.24 30.28 3/12/2009 18.70 2.13 167.00 195.90 0.10 17.30 7.43 
W4 -91.24 30.28 3/12/2009 13.00 19.10 152.10 255.10 0.10 17.30 7.65 
W5 -91.24 30.28 3/12/2009 48.70 4.70 159.70 184.10 0.10 17.40 7.64 
W6 -91.27 30.36 3/12/2009 33.90 2.61 328.60 356.80 0.20 21.00 7.58 
W7 -91.27 30.36 3/12/2009 50.00 4.03 324.00 350.80 0.20 21.10 7.59 
W8 -91.50 30.31 3/14/2009 26.00 2.21 2520.00 2710.00 1.40 21.40 7.12 
W9 -91.13 30.27 3/19/2009 76.70 6.78 880.00 946.00 0.50 21.30 7.71 
W10 -91.21 30.13 4/23/2009 13.50 1.14 525.00 551.00 0.30 1.14 7.73 
W11 -91.27 30.07 4/23/2009 24.50 1.97 1335.00 1305.00 0.60 26.40 7.44 
W12 -91.40 30.28 5/27/2009 34.80 3.00 788.00 815.00 0.40 23.60 7.32 
W13 -91.40 30.27 5/27/2009 40.60 3.27 1157.00 1130.00 0.60 26.20 7.44 
MR1 -91.23 30.29 3/12/2009 99.80 10.15 136.10 175.00 0.10 13.70 7.74 
MR2 -91.23 30.29 4/23/2009 94.30 9.38 247.10 300.90 0.10 15.80 7.63 
MR3 -91.23 30.29 6/2/2009 68.40 5.62 306.60 303.10 0.10 25.60 7.40 
BR1 -91.50 30.31 3/19/2009 59.90 5.30 220.00 243.20 0.10 20.10 6.95 
BR2 -91.35 30.17 3/19/2009 108.40 9.67 324.80 353.20 0.20 20.90 7.69 
BR3 -91.35 30.17 4/23/2009 81.50 6.78 265.10 267.90 0.10 24.60 7.38 
BR4 -91.50 30.31 4/23/2009 37.50 3.20 204.60 210.50 0.10 23.70 6.92 
GR1 -91.32 30.22 6/2/2009 97.30 8.14 301.80 293.60 0.10 26.50 7.70 



































W1 384.54   157.38 1.40 30.43 3.16 95.14 287.50   6.85E-03 7.73E-05 1.25E-03 
W2 183.12 0.01 27.62 2.12 10.75 1.53 37.88 79.91 1.93E-06 1.20E-03 1.18E-04 4.42E-04 
W3 213.74 0.01 19.06 1.29 11.47 1.53 52.52 85.89 1.73E-06 8.29E-04 7.17E-05 4.72E-04 
W4 183.00 0.01 18.57 1.83 11.88 1.70 51.26 85.24 2.13E-06 8.08E-04 1.02E-04 4.89E-04 
W5 229.60 0.01 19.91 1.59 13.12 1.68 58.78 95.09 1.71E-06 8.66E-04 8.82E-05 5.40E-04 
W6 171.29 0.01 14.02 1.45 11.89 2.07 47.27 76.72 1.33E-06 6.10E-04 8.05E-05 4.89E-04 
W7 180.80 0.01 15.24 1.53 12.01 2.16 48.00 78.95 1.40E-06 6.63E-04 8.48E-05 4.94E-04 
W8 320.37   935.47 5.83 93.33 11.97 320.18 1366.77   4.07E-02 3.23E-04 3.84E-03 
W9 114.99   211.51 0.60 12.96 1.26 36.05 262.38   9.20E-03 3.35E-05 5.33E-04 
W10 271.82 0.01 147.26 1.89 2.98 2.57 10.07 164.77 8.21E-07 6.41E-03 1.05E-04 1.23E-04 
W11 442.62   327.50 1.93 6.84 3.83 23.30 363.40   1.42E-02 1.07E-04 2.81E-04 
W12 383.81 0.01 225.44 2.41 21.01 4.81 70.85 324.52 7.92E-07 9.81E-03 1.34E-04 8.64E-04 
W13 393.33 0.02 232.72 0.87 17.35 5.28 61.34 317.59 3.31E-06 1.01E-02 4.85E-05 7.14E-04 
MR1 119.80 0.01 23.15 0.10 11.91 3.88 38.99 78.04 1.22E-06 1.01E-03 5.46E-06 4.90E-04 
MR2 131.76 0.01 21.16 0.02 12.21 2.86 40.00 76.26 1.17E-06 9.20E-04 1.31E-06 5.02E-04 
MR3 122.00 0.01 16.99 0.03 9.36 3.23 33.24 62.84 7.64E-07 7.39E-04 1.39E-06 3.85E-04 
BR1 19.40 0.01 14.22 0.26 10.13 4.91 31.29 60.81 8.50E-07 6.18E-04 1.46E-05 4.17E-04 
BR2 25.68 0.01 19.78 0.06 13.06 4.32 39.56 76.78 8.79E-07 8.60E-04 3.48E-06 5.37E-04 
BR3 124.93 0.01 16.62 0.04 10.72 4.23 32.06 63.68 1.09E-06 7.23E-04 2.30E-06 4.41E-04 
BR4 87.35 0.01 11.30 0.41 7.86 4.43 24.69 48.70 7.49E-07 4.92E-04 2.30E-05 3.23E-04 
GR1 129.56 0.01 15.06 0.01 10.03 3.01 34.79 62.90 8.07E-07 6.55E-04 3.99E-07 4.13E-04 




































(mg/L) F (mol/L) 
Cl 
(mol/L) 
W1 8.07E-05 8.26E-03 0.13 256.32 1.12 0.19 0.08   257.84 3.16E-06 7.22E-03 
W2 3.91E-05 1.80E-03 0.13 24.28 16.14 0.02 0.06 0.42 41.05 3.11E-06 6.84E-04 
W3 3.91E-05 1.41E-03 0.09 23.28 29.24 0.02 0.01   52.64 2.25E-06 6.56E-04 
W4 4.35E-05 1.44E-03 0.12 23.58 29.30 0.02 0.12 0.11 53.24 2.77E-06 6.64E-04 
W5 4.28E-05 1.54E-03 0.09 22.17 12.15 0.02 0.01   34.44 2.06E-06 6.24E-04 
W6 o 1.18E-03 0.13 16.97 12.79 0.03 0.78 0.18 30.88 3.10E-06 4.78E-04 
W7 5.53E-05 1.30E-03 0.12 18.23 19.03 0.02 0.01   37.41 2.91E-06 5.14E-04 
W8 3.06E-04 4.52E-02 0.11 2468.96 1.87 1.83 0.01   2472.78 2.55E-06 6.95E-02 
W9 3.21E-05 9.80E-03 0.36 90.11 2.37 0.97 6.89   100.69 8.52E-06 2.54E-03 
W10 6.58E-05 6.70E-03 0.75 76.06 0.13 0.04 0.05 2.62 79.66 1.79E-05 2.14E-03 
W11 9.80E-05 1.47E-02 4.21 262.00 0.90 0.14 0.24 0.40 267.88 1.00E-04 7.38E-03 
W12 1.23E-04 1.09E-02 0.41 307.61 0.14 0.21 0.64 0.70 309.71 9.73E-06 8.67E-03 
W13 1.35E-04 1.10E-02 4.14 230.75 1.98 0.16 2.30 0.77 240.10 9.85E-05 6.50E-03 
MR1 9.92E-05 1.60E-03 0.13 34.31 41.89 0.01 1.92   78.27 3.12E-06 9.67E-04 
MR2 7.32E-05 1.50E-03 0.11 20.69 29.43 0.16 4.16   54.54 2.50E-06 5.83E-04 
MR3 8.25E-05 1.21E-03 0.13 20.08 29.50   4.40 0.06 54.17 3.13E-06 5.66E-04 
BR1 1.26E-04 1.18E-03 0.10 27.57 21.57 0.00 5.12 3.71 58.07 2.29E-06 7.77E-04 
BR2 1.10E-04 1.51E-03 0.11 36.91 28.67 0.01 0.27   65.96 2.58E-06 1.04E-03 
BR3 1.08E-04 1.28E-03 0.11 22.53 8.20 0.02 2.93 0.30 34.09 2.69E-06 6.35E-04 
BR4 1.13E-04 9.52E-04 0.09 14.96 9.69 0.01 4.25 0.46 29.46 2.07E-06 4.21E-04 
GR1 7.71E-05 1.15E-03 0.52 14.56 28.21 0.01 3.68 0.07 47.03 1.23E-05 4.10E-04 


























W1 1.16E-05 2.38E-06   7.24E-03 929.88 3.29E-04 138.50 0.95 138.50 -6.29 -37.12 
W2 1.68E-04 2.78E-07 5.25E-06 8.61E-04 304.08 4.06E- 4 1462.22 1.76 1462.22 -7.11 -45.12 
W3 3.04E-04 2.23E-07   9.63E-04 352.27 3.40E-04 1525.00 1.26 1525.00 -7.28 -45.52 
W4 3.05E-04 2.09E-07 1.41E-06 9.74E-04 321.48 3.15E-04 1505.60 1.22 1505.60 -7.22 -45.88 
W5 1.26E-04 2.87E-07   7.53E-04 359.13 4.59E-04 1601.29 1.39 1601.29 -7.07 -44.08 
W6 1.33E-04 4.03E-07 2.26E-06 6.17E-04 278.88 8.43E-04 2092.51 1.28 2092.51 -7.31 -46.27 
W7 1.98E-04 2.13E-07   7.15E-04 297.16 4.14E-04 1947.40 1.29 1947.40 -7.14 -45.65 
W8 1.94E-05 2.30E-05   6.96E-02 4159.92 3.30E-04 14.38 0.59 14.38 -4.87 -27.18 
W9 2.46E-05 1.22E-05   2.58E-03 478.05 4.80E-03 393.98 3.62 393.98 -6.33 -37.44 
W10 1.32E-06 5.09E-07 3.32E-05 2.20E-03 516.25 2.38E-04 466.71 2.99 466.71 -7.02 -44.94 
W11 9.36E-06 1.80E-06 5.08E-06 7.50E-03 1073.90 2.44E-04 135.50 1.93 135.50 -6.91 -43.61 
W12 1.48E-06 2.57E-06 8.91E-06 8.69E-03 1018.05 2.97E-04 115.41 1.13 115.41 -6.14 -36.43 
W13 2.06E-05 1.95E-06 9.80E-06 6.63E-03 951.02 3.00E- 4 153.84 1.56 153.84 -6.12 -38.11 
MR1 4.36E-04 9.64E-08   1.41E-03 276.11 9.97E-05 1034.61 1.04 1034.61 -7.05 -44.60 
MR2 3.06E-04 1.96E-06   8.94E-04 262.57 3.37E-03 1716.09 1.58 1716.09 -6.81 -42.23 
MR3 3.07E-04 0.00E+00 7.74E-07 8.77E-04 239.01   1767.95 1.31 1767.95 -5.79 -35.31 
BR1 2.25E-04 1.88E-08 4.70E-05 1.05E-03 138.27 2.42E-05 1287.53 0.80 1287.53 -3.07 -14.42 
BR2 2.98E-04 1.10E-07   1.34E-03 168.42 1.06E-04 961.87 0.83 961.87 -2.56 -14.96 
BR3 8.54E-05 1.89E-07 3.81E-06 7.27E-04 222.70 2.98E-04 1575.41 1.14 1575.41 -1.86 -9.81 
BR4 1.01E-04 1.05E-07 5.83E-06 5.30E-04 165.51 2.50E-04 2373.68 1.17 2373.68 -2.44 -11.83 
GR1 2.94E-04 8.01E-08 9.10E-07 7.17E-04 239.50 1.95E-04 2439.02 1.60 2439.02 -5.23 -33.13 



































































































Appendix C1:  Resistivity well log derived salinity vs. depth plot. 
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Appendix C35:  Salinity vs. depth plot of all SP and resistivity log derived salinities. 
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Appendix C37:  Composite plot of well log derived salinities (This Study) and well log derived salinities from north and south of the 
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